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(54) Tide: METHOD AND COMPOSITION FOR THE TREATMENT AND PREVENTION OF VIRAL INFECTIONS 
(57) Abstract 

The invention provides a method of treating a viral infection in a subject, which comprises administering a protease en- 
zyme, especiaBy a plant protease such as, for example a bromelain, papain or ficin. Examples of viral infections which may be 
treated uiclude mfections with DNA- or RNA-containing viruses or infections caused by prions. The invention further provides 
the use of proteases in the production of sterilization of pharmaceutical preparations or food-stuffs in order to reduce the content 
of virus, pro-virus or virus-infected cells therein and the use of proteases in the sterilization or decontamination of surgical de- 
vices. Production of inactivated or attenuated virus for incorporation into a vaccine or vaccine component for providing a protec- 
tive effect against viral infection in humans or animals is also described. 
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METHOD AND COMPOSITION FOR THE TREATMENT 
AND PREVENTION OF VIRAL INFECTIONS 
This invention relates to a method and composition for the 
treatment aad prevention of viral infections. 

The invention is of particular utility in the treatment and 
prevention of infections with enveloped viruses including, for 
example human immuno-deficiency viruses (HIV) and influenza 
viruses . 

Acquired Immune Deficiency Syndrome (AIDS) has been 
described as "a modem plague: the first great pandemic of the 
second half of the twentieth century". The quest for an effective 
therapy for AIDS has become a major priority for research, but 
despite a massive commitment of resources » few drugs are available 
for therapy, all .have significant side effects and none is 
curative . 

The causative agent of AIDS is ;a retrovirus previously 
referred to as HTLV-III or LAV, but now referred to as HIV. Current 
therapies proposed' for combatting HIV infections generally involve 
the use of anti-viral agents which interfere with viral replication, 
for example by inhibiting reverse transcriptase. Such agents are 
generally cytotoxic and despite the limited success which has been 
achieved with such anti- viral agents as zidovudine (AZT) , no • 
effective treatment of AIDS has been found to date. 

The present invention is based on the discovery that 
proteolytic, enzymes (proteases) may be used in the therapy of viral 
infections. This is iinexpected in that enzymes play only a minor 
role as therapeutic drugs, for example streptokinase is used as a 
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fibrinolytic agent while asparaginase forms part of most combination 
therapies for childhood acute lymphatic leukaemia. Certain enzymes 
have been administered orally in an attempt to reduce soft tissue 
inflammation* notably the bromelains » which are proteases obtained 
from pineapple plants. However the British National Formulary 
emphasises that their therapeutic effectiveness is doubtful. An 
available dosage form of bromelains has until recently been marketed 
by Rorer Pharmaceuticals (a subsidiary of Fisons Limited) under the 
proprietory brand name **Ananase Forte*'* Bromelains have further 
been used in skin care lotions, for promoting healing and have also 
been proposed as plasminogen activators in the treatment of 
thrombo-occlusive vascular disease. There has never, however, been 
any suggestion of the use of bromelains or other proteases as 
antiviral agents. 

Thus according to one aspect of the present invention there 
is provided a method of treating a viral infection in a subject » 
which comprises administering a protease. 

The invention further provides the use of a protease in the 
production of a pharmaceutical composition for use in treatment of a 
viral infection in a subject. 

The term "virus" as used herein is intended to include any 
entity cs^able of infecting a eukaryotic cell, whereby the infected 
cell can produce duplicates of the infectious entity. Thus the term 
"virus" embraces DNA- or RNA-based infectious particles where the 
nucleic acid is associated with other macromocular species such as, 
for example, proteins and lipids. The term also includes so-called 
"prions" which £u?e infectious entities implicated in such diseases 
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as scrapie In sheep, bovine spongiform encephalopathy in cattle, and 
Kuru and Creutzfeltd- Jakob disease in man* 

The method of the invention may be applied to the prevention 
and treatment of a wide range of viral infections. Examples include 
infections with retroviruses such as HIV referred to previously, and 
with other enveloped viruses such as, e.g. influenza viruses. Such 
enveloped virxases usueLLly have surface glycoprotein "spikes" 
(peplomers)* 

A further application of proteases in accordance with the 
invention comprises the production of vaccines for providing a 
protective effect against viral infection in humans or animals. In 
accordance with this aspect of the invention there is provided a 
method for the production of inactivated or attenuated virus for 
incorporation into a vaccine or vaccine component which comprises 
contacting said virus with a protease* 

Other^ applications of proteases in accordance with the 
invention include the use of proteases in the treatment of a food 
product which is contaminated with virus or suspected of having such 
contamination, which comprises contacting said food product with 
said protease* Examples of such food products include meat suspected 
of being contaminated with viruses or with the causative agents 
(prions) responsible for scrapie in sheep and bovine spongiform 
encephalopathy in cattle. 

A wide range of proteases may be used in carrying out the 
method of the invention and in general, the enzyme of choice will be 
determined by the nature of the viral infection being treated and 
the required route of administration. Thus, for example, where the 
nature of the viral infection makes it necessary for the protease to 
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be introduced into the systemic circulation, the selected protease 
should have a relatively low immunogenicity and/or toxicity. It is 
also advantageous in such circtoinstances to be able to use a protease 
which is capable of entering the systemic circulation following 
administration of a suitable dosage form. 

Generally, proteases of non-animal origin are preferably 
used in accordance with the invention • Thus, it is particularly 
preferred to use a plant protease such as, for example, a bromelain, 
papain or ficin. Processes for producing these proteases are 
described in US Patent Nos 2950227 and 3002891- The latter 
specifically relates to the extraction of - bromelains from pineapple 
stems. However both stem and fruit bromelains may be used in the 
method of the invention. • . 

Other proteases useful in accordance with the invention 
include digestive enzymes such as, for example trypsin and 
chymotrypsin * 

In carrying out the method of the invention, the protease 
may be administered by any convenient means. Thus, for example, it 
may be administered orally or parenterally, or in the case of a 
local viral infection, it may be administered topically. Pearenteral 
modes of administration include administration by injection 
intravenoxisly. intramxiscularly, subcutaneously, intrathecally or 
into a body cavity, e^g. intraperitoneally or intrapleurally. 

Advantageously, the protease is administered orally in which 
case, in order to avoid inactivation in the stomach, the protease is 
preferably administered in the form of an enteric-coated tablet or 
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pill, or in the form of a capsule resistant to degradation In the 
stomach. 

Other methods of administration may be adopted, for example 
rectal administration in the form of a suppository, in the form of 
" ail aerosol as in a nasal spray or as eye drops . 

A suitable dose is dependent on the mode of application, the 
toxicity of the selected protease and the proteolytic activity of 
the protease. For specific combinations of these parameters, 
effective dossige ranges may be determined by carrying out 
appropriate tn vttTO and in vivo experiments. Generally it has 
been found that concentrations of proteases in the range 1-100 
pg/ml, particularly 5"100 |ig/ml can exert an anti-viral effect and 
dosages capable of producing such levels in the blood-stream are 
advantageously employed. 

Proteases may be used in accordance with the present 
invention in combination therapies together with other therapeutic 
agents having an antiviral activity. Thus, for example, in the 
treatment or prevention of HIV infections, combination therapies 
involving the simultaneous or successive administration of a 
protease and zidovudine (AZT) are included within the scope of the 
present invention. A particularly usefxil combination thex-apy which 
does not require the use of zidovudine or related nucleoside 
analogues comprises administering, simultaneously or successively, a 
protease in accordance with the present invention and a surfactant 
and/ or a steroid in accordance with the procedures described in our 
European Patent Application No. 85302275-8 (EP-b285285) . 
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The compositions produced in accordance with the invention 
may comprise conventional pharmaceutically acceptable diluents or 
carriers. Thus typical injectable solutions will comprise sterile 
pyrogen-free media, e.g. normal saline and optionally include 
buffering agents, stabilising agents and preservatives. Similarly, 
conventional enteric coatings may be used. Tablets and pills may 
include conventional excipients such as , for example , lactose , 
starch and magnesium stearate while suppositories will include 
excipients such as waxes and ' glycerol • 

Other examples of compositions according to the invention 
are topical compositions for treating and/or protecting a subject 
against viral infection. Such compositions may comprise a protease 
and an excipient adapted for topical application. Such compositions 
m^ for example be in the form of creams, ointments, lotions, 
solutions or gels . Topical compositions in forms suitable for 
vaginal use (e.g. creams, ointments, gels, foams and soluble 
pessaries) can of fer protection against transmission of viral 
infections during sexual intercourse. These compositions may 
advantageously contain a spermicidally active agent. 

In accordance with a further aspect of the invention, a 
protease may be used in the production or sterilisation of 
pharmaceutical preparations {particularly injectable pharmaceutical 
preparations) and stirglcal devices in order to reduce the conti^t of 
(or contamination with) infectious virus, pro-virus, prion or 
virus-infected cells therein* By the term "pharmaceutical 
preparation" as used herein is meant any substance, composition, 
living tissue, implantable material or prosthetic device useful in 



wo 90/02562 PCT/GB89/01053 

medical treatment or therapy. Similarly "surgical device" is 
intended to include any surgical apparatus or instrument, or any 
product or device used in a surgical treatment, including, e.g. a. 
suture or catheter. 

Examples of pharmaceutical preparations include whole blood 
(for transfusion), blood plasma or other blood products (e.g. Factor 
VIII) . For use in accordance with the invention, the protease may be 
added so as to produce a concentration sufficient to inactivate any 
virus present. The concentration should not be so high, or the 
treatment sufficiently long to cause substantial deterioration of 
the product being treated. 

Proteases . may be used in accordance with the invention for 
treating tissues for use as grafts and transplants , in order to 
reduce the likelihood of transmission of viral infections. This is 
particularly important in the transplantation of e.g. corneal 
tissue, or in transplant techniques in which living cells are 
brought into contact with nerve cells- Thus in the past, individuals 
have inadvertently been infected with the infectious agent of 
Creutzfeldt- Jakob disease by transplantation of infected corneal 
tissue. 

A further utility of proteases in accordance with the 
invention comprises applying a protease to a food product in order 
to eliminate virus particles therefrom. Thus^ for example, meat 
products may be treated with proteases in accordance with the 
invention in order to eliminate contamijiation with virus. This 
procedure is particularly useful din eliminating prions from animal - 
derived foodstuff destined for human or animal consumption. 
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The foIlowdLxig phaxrmacological data, given by way of example. 
Illustrates the present invention* 

1>. ANTIVIRAL ACTIVITY 
1 . 1 Influenza Viruses 

The antiviral activity of bromelain on three strains of 
influenza virus was assessed according to the following protocol. 
The bromelain used in this and subsequent experiments was obtained 
from Siber Hegner Limited and had the following characteristics: 



Lot No. 

Activity 

Ash 

Moisture 



901026 
1200 GDU/g 
2.67% 
2.6% 



Samples of allantoic fluid infected with influenza viriis 
were mixed with varying concentrations of bromelain and incubated at 
37 for 1 hour in phosphate buffered saline (PBS) or in broth 
saline at pH 7-0. Two strains of influenza A virus (HINI and H3N2) 
and one strain of influenza B virus (B/Yamagata/lO/SS) were used in 
the experiments. 

The incubated fluids were then titrated for residual virus 
infection using 10 day-old embryonated hen's' eggs by injecting 
samples into the eggs using standard techniques. 

Injected eggs were incubated for 2 days at 37 ""c, chilled at 
^^'C and allantoic fluid removed and tested for virus haemagglutinin 
using 0.5X turkey erythrocytes. 
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The results are given in the following Tables 1, 2 and 3* 

TABLE 1 

Effect of Bromelain on Influenza A (H3N2) Virus Infectivity 



Concentration 


Titre of Virus 


Reduction in Titre 


of drug iig/ml 


(log^Q EID^q/ioI)* 


(logj^O EID^o/ml) 


1000 


6.0 


3.2 


100 


8.0 


1.2 


0 


9.2 ■ 


0.0 



Virus incubated in broth saline 1 hour at 37 'C. 



TABLE 2 

Effect of Bromelain on Influenza A (H3N2) Virus Infectivity 



Concentration 


Titre of Virus 


Reduction in Titre 


of drug pg/ml 


(log^Q EID^q/hiI)* 


(log^O EID^Q/ml) 


100 


5.2 


1.0 


0 


6.2 


0.0 



Virus incubated in PBS 1 hour at 37*C* 

* EID-./ml - Egg infective Dose_ expressed in ml. 
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TABLE ^ 

Effect of Bromelain on Influenza A (HIND and 
B Virus Infectlvity 



Concentration 
of drug: ug/ml 



Titre of Virus 
(log^Q EIDgQ/ml) 



Reduction in Titre 
(log^Q EID^q/idI) 



B/Yamagata/10/88 

100 
0 



8-5 
7.5 



1.0 
0.0 



A/England/427/8& (HlNl) 



100 
0 



5-9 
7.2 



1.3 
0.0 



It can be seen from the results in the above tables- that a 
significant decrease in virus infectivity was detected both with 
influenza A and B virus after incubation for 1 hour at 37 with 
concentrations of .bromelain of 10 yg/ml and above • Further , the results 
in Tables 1 and 2 demonstrate that the inhibitory effect was not 
abrogated by protein in the cultxire medium. 

These resxilts are in contrast to the anti-viral effect of the 
known anti-influenza drug amantadine, which is effective against, 
influenza A, but not influenza B. 



1,2 HIV Virus 

1>2.1 H9 III B Cell Line With C8l66 Marker 

The antiviral activity of bromelain on HIV was assessed using the 
persistently HIV-infected human T-lymphocytes cell line known as "H9" 
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. 1 1 

(more specifically the H9 III B cell line). Uninfected cells (an 
established hianan T-cell line, specifically the C8l66 cell line) were 
used as markers. 

The H9 cells, at a concentration of 2 x 10^ cells/ml, were 
incubated in wells of a 24 well microtitre dish (0.5 ml/well) in RPMl 
1640 medium (RPMI 1640 medium is a complex mixture of amino acids, salts, 
glucose and vitamins, obtainable from Gibco BRL under Catalogue Ref , 
04l-02400) . Bromelain stock solution was serially diluted to 
concentrations of 200, 20, 2.0 and 0.2 pg/ml, and 0.5 ml aliquots were 
added to the wells to give ^ final concentrations of iOO, 10, 1.0 and 
0.1 iig/ml respectively. 

1 ml aliquots of uninfected C8l66 cells at a concentration of 

5 

10 cells /ml or of culture media alone were added to the wells and the 
dish was incubated overnight at 37* C in an atmosphere of 3% 00^/93% 
air. 

200 ]xl samples of supernatant were removed on Day 1, diluted 1:4 
and assayed for HIV using the standard Coulter Antigen (P24) ELISA test, 
having an automated.., Optical Density (O.D.) system. 

The results are shown in Figure la. 

1.2.2. H9 III B Cell Line Without Marker Cells 

Experiment" 1.2.1 was repeated, but omitting the C8l66 marker cell 

line. 

The H9 cells at a concentration of 2 x 10^ cells/ml were 
incubated in wells of a 24 well microtitre dish. Serial dilutions of 
bromelain stock solution was added to give a final concentration in the 
wells of 50, 5.0, 0.5 and 0.05 Ug/ml- 
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Thereafter the protocol was as described in Experiment 1*2.1. 
The results are shown in Figure lb. 

1.2,3 Results 

It is apparent that an inhibitory effect on production of virus 
antigen (p24) was detected both in the persistently infected H9 cells 
(H9IIIB) and in the combination of co-infected C8l66 cells and H9 cells. 
The virus inhibiting effect was particularly significant at a bromelain 
concentration of between 0,5 Ug/ml and 50 pg/m, 

2, TOXICITY 

The toxicity of bromelain to GEM cells, C8l66 cells and cord 
blood -lymphocytes was determined in the following manner for each cell 
line. 

A suspension of the cells in RPMl 1640 with hepes and 1-glut + 3%^ 
FCS (plus interleukiil 2 for the cord blood lymphocytes) was centrifuged 
and the cell pellet resuspended in the same medium at a concentration of 
10^ cells/ml 0.75 ml aliquots of the suspension were placed in wells of 
24-well tissue culture plate and 0.75 ml of bromelain solution added to 
selected wells. The following concentrations of bromelain solution were 
used in the experiment: 

1000 ug/ml 

100 US/nil 

1.0 ug/ml 
0.01 ug/ml 



and also a bromelain- free control. 
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At various Intervals (e.g. 24 hours, 4 and 6 day dLntervals) 50 pi 
samples were removed and 50 vl of trypan blue added. The total number of 
viable cells was counted, by failure to be stained by the dye. 

The results are shown in -Figure 2. 

3. CONCLUSIONS 

From the data presented, the following conclusions can be drawn. 

3.1 Anti-influenza Effect 

A significant decrease in virus dinf ectivity was detected both 
with influenza A and B viruses after incubation for 1 hour at 37 *C with 
concentrations of 100 pg/ml or greater of bromelain (Tables 1-3)- 

3.2 Anti-HIV Effect 

An inhibitory effect on production of virus antigen (p24) was 
detected both in persistently infected H9 cells (H9 IIIB) and in 
co-incubated C8l66 cells and H9 IIIB (Figures la and lb) . This virus 
inhibitory effect was detected at bromelain concentrations exceeding 0,5 
Ug/ml. 

3.3 Cell Toxicity 

Experiments with human cord lymphocytes have demonstrated the 
relatively low toxicity of bromelain, particularly at the levels shown to 
exhibit an anti-viral effect. Concentrations of bromelain up to and 
including 25 pg/ml exhibited no toxic effects on dividing cells after 6 
days incubation at 37 *C. After 4 days incubation concentrations up to 250 
pg/ml were tolerated. 



wo 90/02562 PCT/GB89/01053 

IV 

The two established cell lines OEM and C8l66 were somewhat more 
sensitive to bromelain if culttired for 4 days or longer. 

3>4 General 

Although the precise mechanism responsible for the anti-viral 
activity of proteases is not known, it is postulated that the protease 
acts by removing the glycoprotein spikes (peplomers) which are 
characteristic of enveloped viruses, leaving the resulting bald particles 
non-infectious . 
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CLAIMS 

1. A method of treating a viral infection in a subject, which 
comprises administering a protease enzyme. 

2. A method according to Claim 1 wherein the protease is 

capable of entering the systemic circulation following administration of 
a sxii table dosage form, 

3. A method according to Claim 1 or Claim 2 wherein the 
protease is of non- animal origin* 

4. A method according to Claim 3 wherein the protease is 
a plant protease. 

5. A method according to Claim 4 wherein the protease is 
a bromelain, papain or ficin, Z'* 

,6 A method according to Claim 1 or Claim 2 wherein the 

protease is of animal origin. 

7. A method according to Claim 6 wherein the protease is 
selected from trypsin and chymo trypsin, 

8. A method according to any preceding claim wherein the 
the protease is administered orally 

9» A method according to Claim 8 wherein the protease is 

administered in the form of an enteric-coated tablet or pill or in the 
form of a capsule resistant to degradation in the stomach. 
10- A method according to any of Claims 1 to 7 wherein the 

protease is administered parenterally . 

11. A method according to any of Cleiims 1 to 7 wherein the 
protease is administered topically* 
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12. A method according to any preceding claim wherein said viral 
infection is an infection with a DNA- or RNA-containing virus or an 
infection caused by a prion. 

13. A method according to Claim 12 wherein said viral 
infection is an infection with an enveloped virus. 

14. A method according to Claim 13 wherein the enveloped virus is HIV 
or influenza virus. 

15. The use of a protease enzyme in the production of a 
pharmaceutical composition for use in treatment of a viral infection in a 
subject. 

16. The use claimed in Claim I3 wherein the treatment comprises 
a method according to any of Claims 2 to 11. 

17 . The use of a protease in the production or sterilization of a 
pharmaceutical preparation or food-stuff in order to reduce the content 
of virus, pro- virus or virus-infected cells therein. 

18. The use of a protease in the sterilization or decontamination of 
a surgical device in order to reduce contamination thereof with virus, 
provirus or virus-infected cells. 

19. The use as claimed in Claim 17 wherein the pharmaceutical 
preparation is injectable - 

20. The use as claimed in Claim I9 wherein the injectable 
preparation comprises whole blood or a blood fraction or component; 

21. The tise as claimed in Claim 17 wherein the pharmaceutical 
preparation comprises an animal tissue for transplantation. 

22. The use as claimed in any of Claims I3 to 21 wherein said viral 

' infection or contamination is an infection or contamination with a DNA or 
RNA-containing virus or with a prion. 
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23. A method according to Claim 22 wherein said viral infection or 
containination is an infection with an enveloped virus. 

2^. A method according to Claim 23 wherein the enveloped virus is HIV 
or influenza virus. 

25. A method of producing inactivated or attenuated virus for 
incorporation into a vaccine or vaccine component for providing a 
protective effect against viral infection in humans or animals, which 
comprises contacting virus with a protease • 

26. Inactivated or attenuated virus produced by the method of 
Claim 23. 

27. A vaccine, comprising a virus according to Claim, 24 and a 
pharmacetitically ..acceptable carrier. 
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